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NATTONAT, ADVISORY COMMITTEE FOR AFRONAUTICS
TECENICAL. NOTE NO. 1102

TEE CRYSTAL STRUCTURE AT ROOM TEMPERATURE OF EIGHT
FORGED HEAT-RESISTING ALLOYS

By J. Howard Kittel

SUMMARY

In order to determine the crystal structure of some currently
used keat-resisting alloys, a preliminary investigation of elght
leading forged alloys - 8816 8590, Gamma Columbium, Hastelloy B,
16-25-6, 19-9 DL, Nimonic 80 and N155 (low carbon) - was con-
ducted bv X-ray diffraction me thods, The predominant phase in each
alloy was found to be a solid solution of the chief galloying ele-
ments, The crystal structure of the solid solution was the face-
centered cubic type. Alloys S8l6, S590, and Gamme Columbium, which
contained the largeat percentages of columbium were found to show
diffrection lines from a second phase that is believed to be
columbium carbide, CbC,

INTRODUCTION

Current gas turbines and Jet-propulsion englines are greatly
limited 1n performence by the maximum temperatures at which the
camponent metal parts may operate without failure. Such fallures
may occur in the form of actual fractures, intercrystelline corro-
silon, distortion due to temperature gradients and centrifugal
stresses, and excessive elongation due to creep. The suitgbility
of & metal part for withstanding highly adverse operating condi-
tions, such as those found in gas turbines and Jet-propulsion
engines, is often largely determined by ite crystal structure.

Xeray diffraction ls one of the most satisfactory metiiods for

the gtudy of crystal structures. Data obtained at the NACA Cleve-
land leboratory by X-ray diffraction methods in a preliminary

.
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investigation of the crystal structure of eight forged heat-resisting
alloys are presented., Inberplanar spacings and intensities of 4if-
fracted lines are given as well as lattice constants, whichk were
calculated from interplanar-spacing data.

APPARATUS AND TEST PROCEDURE

Chemical compositions of the eight forged alloys investlgated
(s8l6, S590, Gemme Columbium, Hestelloy B, 16-25-6, 19-9 IL,
Nimonic 80, and N155 (low carbon)) are listed in table 1, The com~
positions, with the exception of those for Hastelloy B and 16-25-6,
are mill analyses supplied by the manufacturers of the alloys. The
actual analyses for Hastelloy B and 16-25-6 were not available but
a typical analysis fram reference 1 for these two alloys ls pre-
gented, The alloys studied include some of the leading compositions
currently used at temperatures above 1200° F (references 1 and 2).
Specimens of all of the alloys with the exception of Hastelloy B
were taken from either hot-rolled bars or rounds, Hastelloy B
specimens were taken from £ilings removed from a finished forging
of the alloy.

X-ray diffraction patterns of the eight alloys were made with
Tiltered Co Ko radistion im a Debye-Scherrer powder camera, which
was 143.2 millimeters in diasmeter. The X-ray beam was collimated
by slits measuring 0.020 by 0.300 inch, A specimen from each alloy
was mounted in the camers and oscillated through 20° in the X-ray
beam, The solid metal specimens were etched to a depth of about
0,010 inch to remove cold-worked surface material produced by the
sectioning process. The filings of Hastelloy B were annealed at
1000° F for 30 minutes to remove cold work.

Diffraction patterns of the same specimens of the alloys were
also made with unfiltered Fe Ka and KB radiation in a Sachs type
back-reflection camera at a film-specimen distance of 5 centimeters.
The exact dlstance was determined for each pattern by calibration
with a standard specimen of pure gold.

Intensities of the lines of each diffraction pattexrn were
meagured with a Knorr-Albers microphotomster, Line spacings were
measured on the film to the nearest 0.05 millimeter, All measure-
ments of line mpacings were corrected for film shrinkage.
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RESULTS AND DISCUSSION

Interplanar-spacing values and intensities of the lines appear-
ing in the Debye-Scherrer diffraction pattern of each alloy are
tabulated in table 2, At room teumperature each of the eight alloys
gave a diffraction pattern of five strong lines with the sequence
characteristic of the face-~centered cubic crystal structure, Exper-
imental data (reference 3) indicate that this type of crystal
gtructure shows lower values of creep rate than the body-centered
cubic type, which occurs in some chromlum-iron alloys. The positions
of the lines in diffraction patterns of the alloys were found to shifv
proportionately with differences in composition of the alloys; this
ghift indicetes that a solid solution rather than a mixture exziste
between the main alloying elements. The phases found at room tem-
perature may quite posgibly represent only a metastable conditlion
because of the relative irmobility of the metal atoms at room tem-
perature,

The lattice constant a for each glloy was calculated from its
back-reflection pattern using the relation e

2 2 2
a = A,’Jh' + kK7 + 1

2 8in 6 A
where
A wave length of X-rays being scattered, A
e angle formed by incidence of primary X-ray beam on reflecting

atamic planse ———
h,k,7 Miller indices of reflecting plane

In each case the Khl reflection from the (222) planes was

used for the calculation of the lattice constant, The lattlce con-
stants determined by the Sachs type back-reflection camera for the
alloys are presented in table 3 and are believed to be accurate

to £0,0005 A, Tabttice constants a and c¢ of the metals present

in relatively large amounts in the alloys and their crystal structures
are given in table 4, Data for this table were taken from

reference 4 (pp. 552~554),

In diffrection patterns of alloys 85818, S590, and Gezma
Columbium, lines of relatively low intensities were noted in addition
to all 90551ble lines from the face-centered cubic phase 1 (table 2),

3
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A second phase, or compound, appears therefore to occur in these
three alloys. Of the eight alloys investigated, alloys S816, S590,
and. Gamme Columbium are distinguished from the other five by the
relatively large percentages of columbiwm they contain, Columbium
a8 an alloying slement 1s noted for its carbide-forming tendency
and for that purpose is often added to alloys containing chromivm
(reference 5)., Calculated interplanar spacings d and relative
intensitlies I/I; for columbium carbide, CbC, are listed in

table 5 together with observed interplanasr spacings and intensities
of the second phase, or compound. According vo reference 6, the
lattice constant of CbC 1is 4.40; this value was used in calcu-
lating the interplaner spacings. Calculations of intensities made
use of the structure factor, the multiplicity factor, and the
Lorentz and polarization factors, as described in reference 4

(pp. 524-541).

An excellent agreement between the d values of the six lines

of the second phase and the six strongest lines of CbC 1is shown L
in table 5, It is not known why certain lines from the second phase
were missing in patterns of one or two of the three alloys showling
the second phase, These lines may not have been discernible
because of the general fogged background of the patterns, which
was found to vary for different alloys. Only fair agreement exists
between average intensities of the unknown lines and calculated

tengities of CbC., In most cases the observed diffraction lines
of the second phase were so wesgk that quantitative evaluations of
the intensities of the lines were subJject to relatively large
errors, Colwblum carbide, CbC, appears to exist, however, in
alloys S816, 8590, and Garme Columbium in amounts great enough
to be detected by X-ray diffraction methods. '

SUMMARY CF RESULTS

The following results have bseen obtalned by applying X-ray
diffraction methods to eight forged heat-resisting aelloys, S816,
5590, Gamma Columbium, Hastelloy B, 16-25-6, 19~9 DL, Nimonic 80,
and N155 (low carbon):

1, The predominant phase occurring in sach alloy was a solid
solution of the alloying slements present in relatively large
amounts, The crystal structure of the solid solutlion was the face~
centered cubic type,
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2. Alloys S816, S590, end Gamma Columbium, which contain the

largest percentages of columbium, showed diffrection lines from a
second phage that is believed to be columbium carbide, CbC.

Aircraft Engine Research Laboratory,

National Advisory Camittee for Aeronautics,
Cleveland, Ohio, April 10, 1946.
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TABLE 1, - COMPOSITIONS OF EIGHT FORGED HEAT-RESISTING ALLOYS STUDIED BY X-RAY DIFFRACTION METHODS

[Typical compositions of Hastelloy B and 16-25-6 from reference 1; all other values supplied
by the menufacturers]

Chemical compoeiticn, percent

Alloy C 51 [ ¥ | Cr i Co Mo W b | T1 | AL | Fe : Other
5816 0.36 | 0.19 | 0,72 | 18.40 | 20.25 | 45.63 | 3.72 | 4.23 | 3.72 | snr~ | == | 3,48 § ==mum- -
5590 471 .82 11,351 19.401 19.07]19.26 | 4.05] 4,00 3.87] <eue] === | Bal, { ~r-m- 4
Garma Columbiwm 40| .58 .s2|15.18|24.97 | -=--- 4,17 ---- | 2.16 | -=== | -=== { Bal. | cu 0.08
Hastelloy B A2 1 .52} 1,20 27| 60.83 | ~==~- 27.10 ] === | = | mmem | = | mmmm e
16-25-6 06! .85]|1.54 |16.55|25.2 | -~~-- 848 | mmmm | mmen | womn e L e E N, 07
19-9 DL 29| .5011.41{18.59 1 9.04 | - 1,19 | 1.40| .45]0,29)---- | Bal, | Cu .12
Nimonic 80 021 621 .77 120.77 | 74,00 | cceem | muman mnue | ~w-n | 2.5010,57] .66]Cu .06
N155 (low carbon)| .16 | .50 |1.65 21,06 |19.79{20.25 | 3.14 | 1.68 |1.13} ~=~x | ~-=~} Bal, | Np .08

National Advisory Committee
for Aeronautics
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TABLE 2. - X-RAY DIFFRACTION DATA ON EIGHT FORGED HEAT-RESISTING ALLOYS

[Filtered Co Ko radiation was used to obtain diffraction patterns;
d, interplansr spacing A; I, peak intensity of a diffraction line;
I/Il, relative intensity of a diffraction line where Iy 1is the

intensity of the strongest 1ine]

Two-phase alloys
S816 8590 Gamma Columbium
Phase 1 Phage 2 | Phase 1 Phagse 2 | Phasge 1 Phase 2
a |/11f & |1/11) al1/1y] & |I/11] a4 jT/I4) 4 |I/1y

yupasey ppepnny §- 1S ¢ DA T 1Y ey g e SR Uiy puyRpy P -
ceeofaea=]2.20 | .08|-=n-}-mas]|enmu- SOSOIE DUV PR " ———-
2.05{1.00|-~--- -=-=|2.07{0.50|~==+=|===={2,07{1.00|=~=-- ——u-
1.78} .39|-~--- ~-==11.79} .44}---n- -=--11.79! .46|-=--- -———-

emew]e===|{1.56 | .10{=-=-|----|1.57 |0.17|---=|----|1.56 [0.05
wemeeeaa|1.33 | .OT|----]----|1.34 | .22}-==e|--=-11.34 | .04

1.26| .44)----- ——-=]1.27} 72|===e- c-==11.27] 3Tj-==-- .—--
1.07} .53|=--=n|---=}{1.08!1.00]|-~=-- ----l1.,08!| .58{----- -——
1.03] .19}-~---- -===11.03} .56|-==== -e==11.03} .29}|-v==- -—--
SO (IR - wmmmfmmme]aeea 1.0 | L04)cmeejemeefemman ———-
cmmmle=-a} 989 .04l----}{----1 989} ,10|-~<~j---~| .989; .02
One-phase alloys
Hastelloy B 16-25-86 19-9 DL l Nimonic 80 N155 (low
i ' carbon)

d I/1q d {I/1, a {I/1, d | I/1y a | 1/11
2.08 | 1.00 2.08 {0.73 2.07 | 1.00 2.051 0.72 2.071}| 1.00
1.79 42 1.80 .70 1.79 .78 1.77 .61 1.79 .61
1.27 31 | l.27 .86 | 1.26 57 | 1.25 .50 | 1.26 .33
1.08 .89 §1.08 }1.00 | 1.08 .70 | 1.071| 1.00 | 1.08 .89
1 1.04 .10 | 1.04 .50 | 1,03 .44 | 1.02 .39 1 1,03 »33

National Advisory Committee
for Asronautics
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TABLE 3. - LATTICE CONSTANT a OF EIGHT FORGED HEAT-RESISTING
AIT0YS CALCULATED FROM INTERPLANAR-SPACING DATA

— Arprtre

Alloy Lattice constant a (A)
(a)
S816 3.5733
8590 3.5928
Gamma Columbium 3,5932
Hastelloy B 3.5915
16-25-6 3.8975 o
19-9 DL . 3.5918
Nimonic 80 3.5583
N155 (low carbon) 3.5867

8pccurate to +0.0005 A.

TABLE 4. - CRYSTAL STRUCTURE.AND LATTICE CONSTANTS OF METALS FPRESENT

IN RELATIVELY LARGE AMOUNTS IN EIGHT FORGED HEAT-RESISTING ALLOYS
[Data from reference 4, pp. 552-554]

Metal Crystal structure ILattice constants (A)'
a i c

a~Chromium Body-centered cubic 2.8786 :
a-Cobalt Hexagonal close-vacked 2.507 4.072
f-Cobalt Face-centered cublc 3.545

a-Iron Body-centered cubic 2.8610

vy-Iron Face-centered cublc 3,564

B-Nickel Face-centered cubic 3.5169

National Advisory Committee
for Asronautics
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TABLE 5. - COMPARISON OF AVERAGE INTERPLANAR SPACINGS AND
INTENSITIES OF THE SECOND PHASE FOUND IN ALLOYS S816, SS90
AND GAMMA COLUMBIUM WITH CALCULATED INTERPLANAR SPACINGS
AND INTENSITIES OF COLUMBIUM CARBIDE, CbC

) [@,_interplanar‘spacing,-A; I, peak intensity of
diffraction line; Ifil, relative intensity of

diffraction lins where Ij; 1s intensity of
strongest line]

Phase 2 Columbium Carbide, CbC

d | I/17 a I/I7
2.55 | 1.00| 2.54 1.00
2.20 73] 2.20 .70
1.56 |{ 1.00| 1.58 .43
1.34 | 1.00] 1.33 .38
----- ----1 1l.27 .16
----- ----| 1.10 .10
1.01 361 l.01 .34

.989| .48 .984 .52

National Advisory Committee e ——

for Aeronautics



